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it.  We  have  here  spoken  of  the  prediction,  of 
fact*  of  the  same  kind  m  those  from  ynioh  our  “rule" 
was  colTectecL  But  the  evI3ence  in  favour  of  out 
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indnction  is  of  a  much  higher  and  more  forcihle  cha- 
racfir  wSen  it  enables  ns  to~explain  and"  determine 
cases  oTsThind  rftj5^^0comJb£ose~Vhich  were  wn* 
^te^jat&?lnriheforma1ion  ofourJ^poLhesis.  The 
instances  in  whioh  this  has  occurred,  indeed,  impress 
us  with  a  conviction  that  the  truth  of  our  hypothesis 
is  ^certain*  No  accident ^  coulT’give  rise  to  such  an 
extraordinary  coincidence.  No  fake  snpposition.  could, 
after  being  adjusted  to  one  class'  of  phefibmenaJexacjEty 
represent  a  differen^clasar ^e^~'th^~ayeement~was 
unforeseen  and  nncontemjdated.  Thafc^n^ea-apriiiging 
from  remote  “and  xinconne^ed^uarfes  -should  thus 
leap  to  the  same  point,  can  only  arise  from  that  heing 


the  point  where  truth  resides. 

Accordingly  the  cases  in  which  inductions  from 
classesjjf  Jacts  altoge^er  different  have  thus  jumped 
together ,  helong  only  to  the  best  established  theories 
whicTfthe  history  of  science  contains.  And  as  I  shall 
have  occasion  to  refer  to  this  peculiar  feature  in  their 
evidence,  I  will  take  the  liberty  of  describing  it  hy  a 
particular  phrase;  and  will  term  it  the  Cgn^m^qfi 
Inductions. 


It  is  exemplified  principally  in  some  of  the  greatest 
discoveries.  TjhuB  it  was  found  hy  Newton  that  the 
doctrine  of  the  Attraction  of  the  Snn  varying  accord¬ 
ing  to  the  Inverse  Sqnare  of  this  distance,  which  ex¬ 
plained  Kepler’s  Third  Law,  of  the  proportionality  of 
the  cubes  of  the  distances  to  the  squares  of  the  periodic 
times  of  the  planets,  explained  also  his  First  and 
Second  Laws,  of  the  elliptical  motion  of  each  planet; 
although  no  connexion  of  these  laws  had  been  visible 
hefore.  Again,  it  appeared  that  the  force  of  Universal 
Gravitation,  which  had  heen  inferred  from  the  Pertur¬ 
bations  of  the  moon  and  planets  hy  the  sun  and  hy 
each  other,  also  accounted  for  the  feet,  apparently 
altogether  dissimilar  and  remote,  of  the  Precession  qf 
the  equinoxes .  Here  was  a  most  striking  and  sur¬ 
prising  coincidence,  which  gave  to  the  theory  a  stamp 
of  truth  beyond  the  power  of  ingenuity  to  counterfeit 
In  like  manner  in  Optics;  the  hypothesis  of  alternate 
Fits  of  easy  Transmission  and  Reflection  would  explain 
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the  colours  of  thin  plates,  and  indeed  was  devised  and 
adjusted  for  that  very  purpose;  but  it  could  give  no 
account  of  the  phenomena  of  the  fringes  of  shadows. 
But  the  doctrine  of  Interferences,  constructed  at  first 
with  reference  to  phenomena  of  the  nature  of  the 
Fringes ,  explained  also  the  Colours  of  thin  plates  better 
than  the  supposition  of  the  Fits  invented  for  that  very 
purpose.  And  we  have  in  Physical  Optics  another 
example  of  the  same  kind,  which  is  quite  as  striking 
as  the  explanation  of  Precession  by  inferences  from  the 
facts  of  Perturbation.  The  doctrine  of  Undulations 
propagated  in  a  Spheroidal  Form  was  contrived  at  first 
hy  Huyghens,  with  a  view  to  explain  the  laws  of 
.Double  Refraction  in  calc-spar;  and  was  pursued  with 
the  same  view  hy  Fresnel.  But  in  the  course  of  the 
investigation  it  appeared,  in  a  most  unexpected  and 
wonderful  manner,  that  this  same  doctrine  of  sphe¬ 
roidal  undulations,  when  it  was  so  modified  as  to 
account  for  the  directions  of  the  two  refracted  rays, 
accounted  also  for  the  positions  of  their  Planes  qf 
Polarization10;  a  phenomenon  which,  taken  hy  itself, 
it  had  perplexed  previous  mathematicians,  even  to 
represent. 

The  Theory  of  Universal  Gravitation,  and  of  the 
Undulatory  Theory  of  Light,  are,  indeed,  full  of  exam¬ 
ples  of  this  Consilience  qf  lndnctjons.  With  regard  to 
the  latter,  itTias  heen  justly  asserted  hy  Herschel,  that 
the  history  of  the  undulatory  theory  was  a  succession 
of  felicities11.  And  it  ja  precisely  the  UQ^ept^jLgoin- 
cidenoes  of  results  drawn, frouL-distant  parts  of  the 
subject  wLicTT  are  properly  thus  described.  Thus  the 
Laws  oFTbe  Modification  of  polarization  to  which 
Fresnel  was  led  hy  his  general  views,  accounted  for 
the  Rule  respecting  the  Angle  at  which  light  is  polar¬ 
ized,  discovered  hy  Sir  D.  Brewster1*.  The  concep¬ 
tions  of  the  theory  pointed  out  peculiar  Modifications 
of  the  phenomena  when  Newtarls  rings  were  produced 
by  polarised  light  which  modifications  were  ascer- 

Hist  Ind  Sc.  b.  ix.  c.  xt  sect  4. 

11  8?*  Hist  Ind  Sc.  b.  ix.  c.  xii.  10  lb.  c.  sect.  4. 
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tained  to  take  place  in  fact,  by  Arago  and  Airy13. 
When  the  besutiful  phenomena  of  Dipolarized  light 
were  discovered  by  Arago  and  Biot,  Young  was  able 
to  declare  that  they  were  reducible  to  the  general  laws 
of  Ijiterference  which  he  had  already  established14. 
And  what  was  no  less  striking  a  confirmation  of  the 
truth  of  the  theory,  Measures  of  the  same  element 
deduced  from  various  classes  of  facts  were  found  to 
coincide.  Thus  the  Length  of  a  luminiferous  undu¬ 
lation,  calculated  by  Young  from  the  measurement  of 
Fringes  of  shadows,  was  found  to  agree  very  nearly 
with  the  previous  calculation  from  the  colours  of  Thin 
plates'*. 

No  example  can  be  point^jmt,  in  thejwhole  his- 
tory  of  ^iencepso'TaYas  T  am  aware,  in  which  this 
Consilience  of  Inductions  - fras— giveu_  testimony  ~i£ 
favour “of  an  hypothesis  afterwards  discovered  to  be 
false  If  we  take  one  class  of  facts  only,  knowing  the 
law  which  they  follow,  we  may  construct  an  hypothe¬ 
sis,  or  perhaps  several,  which  may  represent  them’:  . 
and  as  new  circumstances  are  discovered,  we  may  often 
adjust  the  hypothesis  so  as  to  correspond  to  these  also. 
But  when  the  hypothesis,^  itself  and  without  adjuat- 
menTfor  theTaffpSaeTi^ 

class  of^frgtsjiot  contemplated  in  its  copsfractimy  we 
hftve  a  criterion  of  its  reality,  which-  has  never  yet 
been  "pro due ed  in  favour  of  fidsehoocU 

12.  In  the  preceding  Article  I  have  spoken  of  the 
hypothesis  with  which  we  compare  our  facts  as  being 
framed  all  at  once,  each  of  its  parts  being  inoluded  in 
the  original  scheme.  In  reality,  however,  it  often  hap¬ 
pens  that  the  various  suppositions  which  our  system 
contains  are  added  upon  occasion  of  different  re¬ 
searches.  Thus  in  the  Ptolemaic  doctrine  of  the  hea-  . 
vena,  new  epicycles  and  eccentrics  were  added  as  new 
inequalities  of  the  motions  of  the  heavenly  bodies  were 
discovered;  and  in  the  Newtonian  doctrine  of  mate¬ 
rial  rays  of  light,  the  supposition  that  these  rays  had 


»  See  Ind.  Sc.  b.  lx.  c.  xiiL  sect  6. 
n  It.  c.  xl  sect  5.  ia  lb.  c.  xi  sect.  2. 
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( fits,’  was  added  to  explain  the  colours  of  thin  plates; 
and  the  supposition  that  they  had  1  sides ’  was  intro¬ 
duced  on  occasion  of  the  phenomena  of  polarization. 
In  like  manner  other  theories  have  been  built  up  of 
parts  devised  at  different  times. 

This  being  the  mode  in  which  theories  are  often 
framed,  we  have  to  notice  a  distinction  which  is  found 
to  prevail  in  the  progress  of  true  and  false  theories. 
In  the  former  class  all  the  additional  suppositions  tend 
to  simplicity  and  harmony;  the  new  suppositions  re¬ 
solve  themselves  into  the  old  ones,  or  at  least  require 
only  some  easy  modification  of  the  hypothesis  first 
assumed ;  the  system  becomes  more  coherent  as  it  is 
further  extended.  The  elements  which  we  require  for 
explaining  a  new  class  of  facts  are  already  contained 
in  our  system.  ,  Different  members  of  the  theory  run 
together,  and  we  have  thus  a  constant  convergence  to 
unity.  In  false  theories,  the  contrary  is  the  case.  The 
new  suppositions  are  something  altogether  additional; 
—not  suggested  by  the  original  scheme ;  perhaps  diffi¬ 
cult  to  reconcile  with  it. .  Every  such  addition  adds  to 
the  complexity  of  the  hypothetical  system,  which  at 
last  becomes  unmanageable,  and  is  compelled  to  sur¬ 
render  its  place  to  some  simpler  explanation. 

Such  a  false  theory,  for  example,  was  the  ancient 
doctrine  of  eccentrics  and  epicycles.  It  explained  the 
general  succession  of  the  Places  of  the  Sun,  Moon, 
and  Planets;  it  would  not  have  explained  the  pro¬ 
portion  of  their  Magnitudes  at  different  times,  if  these 
could  have  been  accurately  observed;  but  this  the  an¬ 
cient  astronomers  were  unable  to  do.  When,  however, 
Tycho  and  other  astronomers  came  to  be  able  to  ob¬ 
serve  the  planets  accurately  in  all  positions,  it  was 
found  that  no  combination  of  equable  circular  motions 
would  exactly  represent  all  the  observations.  We  may 
see,  in  Kepler’s  works,  the  many  new  modifications  of 
the  epicyclical  hypothesis  which  offered  themselves  to 
him ;  some  of  which  would  have  agreed  with  the  phe¬ 
nomena  with  a  certain  degree  of  accuracy,  but  not  with 
so  great  a  degree  as  Kepler,  fortunately  for  the  pro¬ 
gress  of  science,  insisted  upon  obtaining.  After  these 
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epicycles  had  been  thus  accumulated,  they  all  dis¬ 
appeared  and  gave  way  to  the  simpler  conception  of  an 
elliptical  motion.  In  like  manner,  the  discovery  of  new 
inequalitiee  in  the  Moon’s  motione  encumbered  her 
system  more  and  more  with  new  machinery,  which  was 
at  last  rejected  all  at  once  in  favour  of  the  elliptical 
theory.  Astronomers  could  not  but  suppose  them¬ 
selves  in  a  wrong  path,  when  the  prospect  grew  darker 
and  more  entangled  at  every  step. 

Again;  the  Cartesian  system  of  Vortices  might  be 
said  to  explain  the  primary  phenomena  of  the  revolu¬ 
tions  of  planets  about  the  sun,  and  satellites  about 
planets.  But  the  elliptical  form  of  the  orbits  required 
new  suppositions.  Bernoulli  ascribed  this  curve  to  the 
shape  of  the  planet,  operating  bn  the  etream  of  the 
vortex  in  a  manner  similar  to  the  rudder  of  a  boat. 
But  then  the  motions  of  the  aphelia,  and  of  the  nodes, 
— the  perturbations, — even  the  action  of  gravity  to¬ 
wards  the  earth, — could  not  be  accounted  for  without 
new  and  independent  suppositions.  Here  was  none  of 
the  simplicity  of  truth.  The  theory  of  Gravitation, 
on  the  other  hand,  became  more  simple  as  the  facts  to 
be  explained  became  more  numerous.  The  attraction 
of  the  eun  accounted  for  the  motions  of  the  planets ; 
the  attraction  of  the  planets  was  the  cause  of  the  mo¬ 
tion  of  the  satellites.  But  this  being  assumed,  the 
perturbations,  and  the  motions  of  the  nodee  and  aphelia, 
only  made  it  requisite  to  extend  the  attraction  of  the 
sun  to  the  satellites,  and  that  of  the  planets  to  each 
other: — the  tides,  the  spheroidal  form  of  the  earth, 
the  precession,  still  required  nothing  more  than  that 
the  moon  and  sun  should  attract  the  parts  of  the  earth, 
and  that  these  ehould  attract  each  other; — so  that 
all  the  suppositions  resolved  themselves  into  the  single 
one,  of  the  universal  gravitation  of  all  matter.  It  is 
difficult  to  imagine  a  more  convincing  manifestation  of 
simplicity  tod  unity. 

Again,  to  take  an  example  from  another  science; — 
the  doctrine  of  Phlogiston  brought  together  many  facts 
in  a  very  plausible  manner, — combustion,  acidification, 
and  others, — and  very  naturally  prevailed  for  a  while., 
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But  the  balance  came  to  be  used  in  chemical  opera¬ 
tions,  and  the  facts  of  weight  as  well  as  of  combination 
were  to  be  accounted  for.  On  the  phlogistic  theory,  it 
appeared  that  this  could  not  be  done  without  a  new 
supposition,  and  that ,  a  very  strange  one; — that  phlo¬ 
giston  was  an  element  not  only  not  heavy,  but  ab¬ 
solutely  light,  so  that  it  diminished  the  weight  of  the 
compounds  into  which  it  entered.  Some  chemists  for  a 
time  adopted  this  extravagant  view ;  but  the  wiser  of 
them  saw,  in  the  necessity  of  such  a  supposition  to  the 
defence  of  the  theory,  an  evidence  that  the  hypothesis 
of  an  element  phlogiston  was  erroneous.  And  the 
opposite  hypothesis,  which  taught  that  oxygen  was 
subtracted,  and  not  phlogiston  added,  was  accepted 
because  it  required  no  such  novel  and  inadmissible 
assumption. 

Again,  we  find  the  same  evidence  of  truth  in  the 
progress  of  the  Hndulatory  Theory  of  light,  in  the 
course  of  its  application  from  one  class  of  facts  to  an¬ 
other.  Thus  we  explain  Reflection  and  Refraction  by 
undulations;  when  we  come  to  Thin  Plates,  the  requi¬ 
site  f fits’  are  already  involved  in  our  fundamental 
hypothesis,  for  they  are  the  length  of  an  undulation  : 
the  phenomena  of  Diffraction  also  require  such  inter¬ 
vals;  and  the  intervals  thus  required  agree  exactly 
with  the  others  in  magnitude,  so  that  no  new  property 
is  needed.  Polarization  for  a  moment  appears  to  re¬ 
quire  some  new  hypothesis ;  yet  this  is  hardly  fche  case ; 
for  the  direction  of  our  vibrations  is  hitherto  arbitrary : 
— we  allow  polarization  to  decide  it,  and  we  suppose 
the  undulations  to  be  transverse.  Having  done  this 
for  the  sake  of  Polarization,  we  turn  to  the  phenomena 
of  Double  Refraction,  and  inquire  what  new  hypothesis 
they  require.  But  the  answer  is,  that  they  require 
none :  the  supposition  of  transverse  vibrations,  which 
we  have  made  in  order  to  explain  Polarization,  gives 
us  also  the  law  of  Double  Refraction.  Truth  may  give 
rise  to  such,  a  coincidence;  falsehood  cannot.  Again, 
the  facts  of  Dipolarization  come  into  view.  But  they 
hardly  require  any  new  assumption ;  for  the  difference 
of  optical  elasticity  of  crystals  in  different  directions, 


which  is  already  assumed  in  uniaxal  crystals16,  is  ex¬ 
tended  to  biaxal  exactly  according  to  the  law  of  sym¬ 
metry  ;  and  this  being  done,  the  laws  of  the  pheno¬ 
mena,  curious  and  complex  as  they  are,  are  fully 
explained.  The  phenomena  of  Circular  Polarization 
by  internal  reflection,  instead  of  requiring  a  new  hypo¬ 
thesis,  are  found  to  be  given  by  an  interpretation  of 
an  apparently  inexplicable  result  of  an  old  hypothesis. 
The  Circular  Polarization  of  Quartz  and  its  Double 
Refraction  does  indeed  appear  to  require  a  new  assump¬ 
tion,  but  still  not  one  which  at  all  disturbs  the  form 
of  the  theory;  and  in  short,  the  whole  history  of  this 
theory  is  a  progress,  constant  and  steady,  often  striking 
and  startling,  from  one  degree  of  evidence  and  consist¬ 
ence  to  another  of  a  higher  order. 

In  the  Emission  Theory,  on  the  other  hand,  as  in 
the  theory  of  solid  epicycles,  we  see  what  we  may 
consider  as  the  natural  course  of  things  in  the  career 
of  a  false  theory.  Such  a  theory  may,  to  a  certain 
extent,  explain  the  phenomena  which  it  was  at  first 
contrived  to  meet ;  hut  every  new  class  of  facts  requires 
a  new  supposition — an  addition  to  the  machinery :  and 
as  observation  goes  on,  these  incoherent  appendages 
accumulate,  till  they  overwhelm  and  upset  the  original 
frame-work.  Such  has  been  the  hypothesis  of  the 
Material  Emission  of  light  In  its  original  form,  it 
explained  Reflection  and  Refraction :  but  the  colours 
of  Thin  Plates  added  to  it  the  Fits  of  easy  Transmis¬ 
sion  and  Reflection;  the  phenomena  of  Diffraction 
further  invested  the  emitted  particles  with  complex 
laws  of  Attraction  and  Repulsion;  Polarization  gave 
them  Sides:  Double  Refraction  eubjected  them  to 
peculiar  Forces  emanating  from  the  axes  of  the  crystal : 
Anally,  Dipolarization  loaded  them  with  the  complex 
and  unconnected  contrivance  of  Moveable  Polarization : 
and  even  when  all  this  had  been  done,  additional 
mechanism  was  wanting.  There  is  here  no  unexpected 
success,  no  happy  coincidence,  no  convergence  of  prin¬ 
ciples  from  remote  quarters.  The  philosopher  builds 


the  machine,  but  its  parts  do  not  fit.  They  hold 
together  only  while  he  presses  them.  This  is  not  the 
1  character  of  truth.  i—_ _ 

As  another  example  of  the  application  of  the  Ma.mm' 
now  under  consideration,  I  may  perhaps  be  allowed  to 
refer  to  the  judgment  which,  in  the  History  of  Ther- 
motics,  I  have  ventured  to  give  respecting  Laplace’s 
Theory  of  Gases.  I  have  stated17,  that  we  cannot  help 
forming  an  unfavourable  judgment  of  this  theory,  by 
looking  for  that  great  characteristic  of  true  theory ; 
namely,  that  the  hypotheses  which  were  assumed  to 
account  for  one  class  of  facts  are  found  to  explain 
c mother  class  of  a  different  nature.  Thus  Laplace’s  first 
suppositions  explain  the  connexion  of  Compression 
with  Density,  (the  law  of  Boyle  and  Mariotte,)  and 
the  connexion  off  Elasticity  with  Heat,  (the  law  of 
Dalton  and  Gay  Lussac).  But  the  theory  requires 
other  assumptions  when  we  come  to  Latent  Heat ;  and 
yet  these  new  assumptions  produce  no  effect  upon  tho 
calculations  in  any  application  of  the  theory.  When 
the  hypothesis,  constructed  with  reference  to  the  Elas¬ 
ticity  and  Temperature,  is  applied  to  another  class  of 
facts,  those  of  Latent  Heat,  we  have  no  Simplification 
of  the  Hypothesis,  and  therefore  no  evidence  of  the 
truth  of  the  theory. 

13.  The  last  two  sections  of  this  chapter  direct  our 
attention  to  two  circumstances,  which  tend  to  prove,  in 
a  manner  which  we  may  term  irresistible,  the  truth  of 
the  theories  which  they  characterize : — the  Consilience 
of  Inductions  from  different  and  separate  classes  of 
frets; — and  the  progressive  Simplification  of  the  Theory 
as  it  is  extended  to  new  cases.  These  two  Characters 
are,  in  fact,  hardly  different ;  they  are  exemplified  by 
the  same  cases.  For  if  these  Inductions,  collected  from 
one  class  of  frets,  supply  an  unexpected  explanation  of 
a  new  class,  which  is  the  case  first  spoken  0$  there 
will  be  no  need  for  new  machinery  in  the  hypothesis 
to  apply  it  to  the  newly-cpntemplated  facts;  and  thus, 
we  have  a  case  in  which  the  system  does  not  become 


16  JH/t.  Ind,  Sc.  b.  lx.  c.  xL  ieefc.  5. 


1 7  BitL  Ind.  Sc.  b.  x,  c,  ir. 
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more  complex  when  its  application  \ exte^J  *  a 
fiftl d.  which  was  the  character  of  true  theory 
wide  rp-L A  Oonailiencefl  of  our  Indue- 

.  C.^.e.of  »«T  Theory 

'“Sl'iSwi*  this’eams  of  tl*  extension  of 
thfth^v  without  difficulty  or  new  suppositions,  to  a 
range  and  to  new  classes  of  phenomen^  may  be 
conveniently  considered  in  yet  another  P0111*  ’ 

“"^iZwor  when  the  theory,  either  by 
g^SS^lw. MMW  or  by  «.  extern 
SZ“tTmpli«tion,  bee  ihctaM 

jSjrSi ”  £ S>  “blob  lb.  indncti.M  formerly 

obtained  are  subordinate,  as  particular  oases  to  a  gen&- 
obtamed  cm  ^00^  ^  examples,  in  short, 

£  EK.  <* —*«  !Sil  “Si 

iect  of  great  importance,  and  deserving  of  bemg 
Illustrated  j  it  -Si  come  under  our  notice  m  the  next 

chapter. 


CHAPTER  VI. 

Or  the  Logic  of  Imductioh. 


Aphorism  XVII. 

The  Logic  of  Induction  conmfo  i«  stating  the  Facts  and 
the  Inference  in  such  d  manner ,  that  the  Evidence  of  the  In¬ 
ference  is  manifest;  just  as  the  Logic  of  Deduction  consists 
in  stating  the  Premises  and  the  Conclusion  in  such  a  manner 
that  the  Evidence  of  the  Conclusion  is  manifest . 

Aphorism  XVIII. 

The  Logic  of  Deduction  is  exhibited  by  means  of  a  certain 
Formula ;  namely,  a  Syllogism /  and  every  train  of  deductive 
reasoning,  to  be  demonstrative,  must  be  capable  of  resolution 
into  a  series  of  such  Formulce  legitimately  constructed .  In 
like  manner ,  the  Logic  of  Induction  may  be  exhibited  by 
means  of  certain  Formulae;  and  every  train  of  inductive  tn- 
firence,  to  be  sound ,  must  be  capable  of  resolution  into  a 
scheme  of  such  Formulce ,  legitimately  constructed. 

Aphorism  XIX. 

The  inductive  act  of  thought  by  which  several  Facts  are 
colligated  into  one  Proposition ,  may  be  expressed  by  saying: 
The  several  Facts  are  exactly  expressed  as  one  Fact,  if, 
and  only  if,  we  adopt  the  Conceptions  and  the  Assertion 
of  the  Proposition. 

Aphorism  XX. 

The  One  Fact t  thus  inductively  obtained  from  several 
Facts ,  may  be  combined  with  other  Facts ,  and  colligated 
with  them  by  a  new  act  of  Induction*  This  process  may  be 
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